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3 MATERIALS AND METHODS 
 
3.1 Overview  
In general, there are three major steps to analyse the effect of ZnO nanoparticle on alkyd 
resins which are synthesis of ZnO nanoparticle, synthesis of alkyd resin from vegetable 
oil and preparation of alkyd/epoxy/ZnO nanocomposites before it is analyse by using 
differential scanning calorimeter (DSC). 
3.2 Materials 
Phthalic anhydride, glycerol, sodium hydroxide, benzoic acid and zinc nitrate 
tetrahydrate of analytical grade were purchased from Sigma Aldrich and used without 
further purification. Jatropha oil and palm oil were obtained from local supplier. 
3.3 Synthesis of Zinc Oxide (ZnO) nanoparticle 
ZnO nanoparticles was prepared by using sol-gel method. 0.5 M solution of zinc nitrate 
and a 1.0 M alkali solution of sodium hydroxide were prepared by dissolving zinc 
nitrate tetrahydrate Zn(NO3)2·4H2O and NaOH, respectively, in distilled water. To 
prepare ZnO nanoparticles, 500 mL of the alkali solution (1.0 M NaOH) was dropped at 
an approximate rate of 8 mL/min into a mother solution prepared by mixing 74.50g of 
0.5 M Zn(NO3)2 solution and 500.0 mL of deionized water with stirring for 12 hours. 
The collected product was filtered and washed several times with distilled water and 
dried in a vacuum oven at 100°C for several hours. The dried zinc oxide nanoparticle is 
then ground to fine powder using agate mortar before calcined at 300°C, 500°C, and 
700°C for 2 hours in a furnace (Surabhi, Putcha, Vannka, & Gollapalli, 2013). 
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3.4 Synthesis of alkyd resin from the oil blend 
Alkyd resin was synthesized by a two-step method from jatropha oil and palm oil 
(weight ratio 1:1). The first step was the alcoholysis process where monoglycerides of 
vegetable oil was obtained. In brief, 50g jatropha oil and 50g palm oil with 22.2g 
glycerol was mixed and heated to 240°C, while sodium hydroxide as catalyst (0.3 wt % 
with respect to oil). In the second step, the polyesterification reaction, 38.64 g of 
phthalic anhydride was added and the temperature was maintained at 240°C. The 
reaction was monitored using titration method and the reaction was stopped when the 
acid value dropped around 10-20 (Gogoi, Saikia, & Dolui, 2014). 
 
Table 3-1: Composition of the ingredients to produce alkyd resins 
Ingredient Weight (g) 
Jatropha oil 50 
Palm oil 50 
Glycerol 22.2 
Sodium hydroxide (NaOH) 0.3 
Phthalic anhydride 38.64 
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3.5 Preparation of the Alkyd/Epoxy Resin and Alkyd/Epoxy/ZnO 
nanocomposite  
Alkyd and epoxy blends were prepared by various weight ratios of alkyd to epoxy: 
0:100, 20:80, 40:60, 50:50, 60:40, 80:20 and 100:0. The alkyd/epoxy was prepared by 
mechanical blending. Hardener (50 wt % with respect to the epoxy resin) was added to 
the mixture and mechanically mixed until it is homogeneous (Gogoi, Saikia, & Dolui, 
2014).  The composition of the blend was presented in Table 3-2. 
 
Table 3-2 Different ratio by mass of alkyd to epoxy resin 
Resins Alkyd (g) Epoxy (g) Hardener (mL) 
A/E (0:100) 0 2 1 
A/E (20:80) 1 4 2 
A/E (40:60) 2 3 1.5 
A/E (50:50) 2 2 1 
A/E (60:40) 3 2 1 
A/E (80:20) 8 2 1 
A/E (100:0) 1 0 0 
 
For the alkyd/epoxy/ZnO blend, similar method was adopted as above. A fixed of 
alkyd/epoxy (40:60) was prepared, and mixed with ZnO at different loading (0 - 8 wt 
%). The blend was ultrasonificated for 1.5 h to obtained homogeneous dispersion of the 
ZnO nanoparticles within the polymer matrix. Hardener (50 wt % with respect to the 
epoxy resin) was added to the mixture and mechanically mixed until it is homogeneous. 
The composition of the blend was presented in Table 3-3. 
 
 
 
 
 
 
  
